ABSTRACT -The objective of this study was to estimate the nutrient requirements of digestible threonine for meat-type quails (Coturnix coturnix sp) in the growth phase. A total of 1350 not sexed meat-type quails were distributed in a completely randomized design with six threonine levels (10.80, 11.50, 12.20, 12.90, 13.60 and 14.30 g/kg as fed), five replications and 45 quails per experimental unit, from 1 to 14 days of age. The threonine levels in the diet had a quadratic effect on body weight, feed intake and weight gain. Estimates for highest body weight (79.41 g), feed intake (128.96 g/bird) and weight gain (70.73 g) were observed with diets containing 12.60 g/kg of digestible threonine. According to the LRP model, the threonine intake was estimated at 13.40 g/kg of digestible threonine. Protein deposition rate and energy retained in the carcass showed quadratic effect, with estimated digestible threonine levels of 11.80 and 12.00 g/kg in the diet for maximum protein deposition rate (2.00 g/bird) and retained energy in the carcass (15.88 kcal/g), respectively. There was a linear effect on feed cost per kg of live weight gain as threonine levels were increased. Nutritional requirement of digestible threonine for meat-type quails for maximum growth is 12.60 g/kg, corresponding to a digestible threonine:digestible lysine ratio of 67.02.
Introduction
The constant population growth has encouraged the use of other birds as new options for protein sources. The demand for meat quality of a demanding consumer market justifies the significant increment in meat quail production (Winter et al., 2006) .
Concerned about the demand of consumer market, Perdigao ® , a local poultry company, has introduced a new quail strain for meat production in Brazil which was gradually called Italian lineage by producers. In this context, researchers are looking for better knowledge of available strains in order to establish performance indexes, contributing to the full development of the meat-type quail chain (Móri et al., 2005) .
Recent advances in knowledge of protein metabolism and the emergence of new synthetic amino acids of largescale production and lower prices have allowed nutritionists to formulate diets closer to the requirement of animals, improving the utilization of dietary protein, reducing costs and harmful waste to the environment. Another advantage of synthetic amino acid use is the possibility to establish an ideal ratio between all amino acids in the diet: the ideal protein concept, which contributes to reduce protein levels in the diet (Brumano, 2009 ).
In poultry diets based on corn and soybean meal, threonine is the third limiting amino acid, preceded by the sulfur amino acids and lysine. It is required for the protein synthesis and maintenance of body protein turnover, and acts on collagen and elastin synthesis and production of antibodies (Lelis & Calderano, 2011) . The pure L-threonine is totally digestible and is commercially available, offering flexibility in diet formulation. Its supplementation allows for inclusion of lowerprotein feeds, preventing nitrogen excretion and thereby environmental pollution (Umigi et al., 2007) .
The lack of information about threonine requirements for meat-type quails during growth guided this study, which was conducted in order to better estimate digestible threonine levels for maximum performance, chemical carcass composition, protein and fat deposition on carcass, retained energy in the carcass and the feed cost per kilogram of live weight gained for meat-type quails (Coturnix coturnix sp) in the growth phase.
A total of 1350 one-day-old not sexed meat-type quails (Coturnix coturnix sp), with average initial body weight of 8.68±0.066 g were distributed in a completely randomized design with six levels of digestible threonine, five replicates and 45 birds per experimental unit.
The birds were housed in a conventional shed, covered with and asbestos fiber roof, divided into 30 pens of 2.5 m 2 with a dirt floor, rice husk as bed, covered with corrugated paper on the first week. The lighting program used was 24 hours per day (natural + artificial light) during the experimental period of 1 to 14 days of age.
Maximum and minimum temperatures were monitored throughout the experimental period; their values were recorded at 08h00 and 16h00, using a dry bulb thermometer. Average maximum and minimum temperatures were, respectively: 37.00±2.576 and 26.00±2.386 °C in the morning and 38.00±5.409 and 28.00±3.069 °C in the afternoon.
The diets consisted of six levels of threonine (10.80, 11.50, 12.20, 12.90, 13.60 and 14 .30 g/kg as fed), and all diets had the same amount of energy and nutrients, based on corn and soybean meal (Table 1) . The chemical composition and energy values of feeds were based on Rostagno et al. (2005) .
To meet the nutritional requirements of quails, we adopted the recommendations of Scherer (2009) for digestible lysine and metabolizable energy, and Silva (2008) for calcium and available phosphorus.
The dietary levels of digestible methionine+cystine and tryptophan were calculated according to ratio proposed by Rostagno et al. (2005) for broilers at the starter phase, from 1 to 21 days of age, corresponding to a digestible lysine:methionine+cystine ratio of 71 and digestible lysine: tryptophan ratio of 16. All diets were supplemented with synthetic amino acids in sufficient amounts to reach the desired ratio for amino acids.
The animals were weighed weekly and the experimental diets were simultaneously weighed for estimation of body weight (g), feed intake (g/bird), threonine intake (g/bird), weight gain (g) and feed conversion (g/g).
Chemical composition of carcass was studied by comparative slaughter with an additional group of 50 quails at 1 day of age with average weigh 8.70±0.067 g and a group of five quails of 14 days of age selected by average weight (±10%) from each experimental unit (25 quails per treatment). Birds were slaughtered by decapitation between the occipital and atlas bones, with scissors, according to the rules established by the Ethics Committee on Animal Experiments of Universidade Estadual de Maringá -UEM.
One-day-old birds were dry-plucked while 14-day-old quails were bled and then boiled for 15 to 30 seconds at a temperature of 53-55 °C and plucked manually. After evisceration with an abdominal cut and removing the head and feet, the carcasses with skin were frozen in plastic bags properly identified for treatment/replication and then ground in an industrial meat grinder. Ground carcasses were weighed, homogenized and taken to a forced-ventilation oven at 55 ºC for 72 hours for pre-drying. After pre-drying, they were ground in a ball mill and sent to the Animal Feed and Nutrition Laboratory for analytical determinations. Dry matter, moisture, crude protein, ether extract and ash of carcass were determined according to Silva & Queiroz (2004) ; protein (PDR) and fat (FDR) deposition rates and energy retained in the carcass (ERC) were calculated according to methodologies described by Fraga et al. (2008) .
The protein deposition rate (PDR) in the carcass was calculated by comparative slaughter with an additional group of 50 one-day-old quails compared with those slaughtered at the end of the experimental period. The protein deposition rate in the carcass (g) was calculated according to the equation: PDR = (P fc -P ic )/PE Where P fc is the final amount of protein in the carcass, in grams; P ic is the initial amount of protein in the carcass and PE is the experimental period, in days. P fc was obtained by multiplying the carcass weight of a given individual at the end of the experiment by its carcass crude protein (CCP) content, while P ic was obtained by the average weight of slaughtered and eviscerated birds at the beginning of the experiment, multiplied by its average crude protein content.
The fat deposition rate (FDR) on carcass was calculated according to the equation: FDR = (F fc -F ic )/PE Where F fc is the final amount of fat on the carcass, in grams; F ic is the initial amount of fat on the carcass; and PE is the experimental period, in days. F fc and F ic were obtained similarly to F fc and F ci , using the values of carcass ether extract rather than the carcass crude protein.
The energy retained in the carcass (ERC) was calculated using the formula: ERC = 5.66 PDR + 9.37 FDR Where 5.66 and 9.37 are the energy values (in kcal/g) of protein and fat, respectively, indicated by Sakomura (2004) .
We performed an economic analysis of diets determining the cost of feed per kilogram of live weight gain (Y i ), according to Bellaver et al. (1985) , by the formula: 
Results and Discussion
Dietary digestible threonine levels had a quadratic (P<0.05) effect on body weight (BW), feed intake (FI) and weight gain (WG) from 1-14 days (Table 2) .
Estimates for maximum BW (79.41 g), FI (128.96 g/bird) and WG (70.73 g) were obtained with diets containing 12.60 g/kg of digestible threonine, corresponding to a DThr:DL ratio of 67.02 (Figures 1 and 2) .
Similar results of threonine:lysine ratio were described by Lima Neto et al. (2008) , who also observed a quadratic effect on weight gain and final weight, estimating the requirements at 8.64 and 8.73 g/kg of digestible threonine with a threonine:lysine ratio of 68 and 69 for broilers in the starter phase (1-7 days of age) fed diets containing different threonine levels.
In a study conducted with 1 to 20-day-old broilers fed different levels of dietary threonine (6.84 to 8.70 g/kg), Atêncio et al. (2004) observed a quadratic effect on weight gain and feed intake, whose best performances were obtained with 7.96 g/kg of digestible threonine and threonine:lysine ratio of 68.6.
Evaluating threonine supplementation in diets for 1 to 21-day-old broilers, with different energy and energy:protein ratios, Reginnato et al. (2000) found no effect regardless of energy levels on the performance characteristics evaluated.
Threonine intake showed a quadratic effect (P<0.05) as the dietary threonine levels were increased (Table 2 ), but the estimate is above the levels studied. The model chosen was the regression equation which increased linearly (P<0.05) as the dietary threonine levels increased. However, with an adjustment of the data model considering the discontinuous LRP model, threonine intake presented an estimate of 1.75 g/bird (P<0.05) obtained with diets containing 13.40 g/kg of threonine. Considering the estimate for FI and WG of 12.60 g/kg of threonine, we can safely affirm that there was a lower intake of threonine (1.62 g/bird) and other amino acids, preventing better performance (Figure 3) .
A high intake of threonine can generate an unnecessary increase of body heat, causing an excessive excretion of uric acid with increased energy expenditure and consequently, increased production costs (Goulart, 1997) . The metabolic cost to incorporate an amino acid into the protein chain is estimated at 4 mol of ATP, and the cost to excrete one amino acid is estimated at about 6-18 moles of ATP, depending on the amount of nitrogen present in the amino acid. Thus, the degradation of excess amino acid in the diet has a high energy cost for birds (Pereira et al., 2009 ). Umigi et al. (2012) , assessing the nutrient requirement of threonine for Japanese quails in egg production, found no effect of threonine levels (5.50 to 7.50 g/kg) on performance variables, except for threonine intake, which increased linearly. According to the authors, the variation observed in threonine intake, due to the increased diet concentration of threonine can be justified by the fact that the feed intake did not vary between treatments. Therefore, the lowest level of threonine (5.50 g/kg) was sufficient to meet the quail requirements without compromising performance. According to Silva & Ribeiro (2001) , in the starter phase (1-21 days) quails increase seven times their initial weight, due to muscle hypertrophy, especially the pectoral muscles, bones and internal organs. The accelerated growth rate of quails reported by these authors was lower than the values of this trial, where quails had an initial average weight of 8.68 g reaching the maximum estimated body weight of 79.41 g, with diets containing 12.60 g/kg of digestible threonine, increasing their initial weight by nine times.
According to González & Sartori (2002) , the protein synthesis rate is higher in young animals, during growth. The accelerated growth found in this study may be related to the role of threonine, which is required for protein synthesis and maintenance of body protein turnover.
The accelerated growth rate shows the importance of adequate intake of amino acids for muscle protein deposition, protein synthesis and maintenance of body protein turnover in addition to the calcium and phosphorous necessary for bone tissue formation during the starter phase. Thus, the intake of these nutrients below the requirements may compromise growth in birds.
Feed conversion was not affected (P>0.05) by threonine levels from 1 to 14 days of age. These results contradict those obtained by Costa et al. (2009) , who observed a quadratic effect on feed intake and feed conversion for 1 to 21-day-old laying quails, whose best estimate for feed conversion came from diets containing 11.00 g/kg of digestible threonine. Baylan et al. (2006) , evaluating the performance of 1 to 14-day-old Japanese quails fed different levels of total threonine, found no effect of total threonine on feed conversion, which is consistent with the present work.
According to Silva et al. (2007) , there are similarities and differences between the nutritional specifications for quails strains, both for growth and egg laying. Although the recommendation for protein and energy levels are very similar, the levels of calcium, available phosphorus and amino acid profile are higher for meat-type quails, which can be explained by higher weigh gain and muscle growth of these birds, especially in the first four weeks of age.
The chemical components of the carcass -water, crude protein, fat, ash and fat deposition rate (FDR) -in the carcass meat were not affected (P>0.05) by the threonine levels studied here (Table 3) . These results corroborate those obtained by Reginatto et al. (2000) , who observed no effect on carcass composition of broilers with different levels of digestible threonine in the diet.
Protein deposition rate (PDR) and energy retained in the carcass (ERC) showed a quadratic effect (P<0.05) as a function of threonine levels in the diet (Figure 4) . The estimates for maximum PDR (2.00 g/d) and ERC (15.88 kcal/g) were obtained with diets containing 11.80 and 12.00 g/kg of digestible threonine, respectively, corresponding to DThr:DL ratios of 62.77 and 63.83.
Considering that ERC is a variable dependent on PDR and FDR as well as on the energy values of protein and fat (5.66 and 9.37), it was expected that the effect would follow the behavior of one or two other related variables in agreement with the results founded in this trial; however, the coefficients of variation of the abovementioned variables are 10%, indicating strong dispersion of data.
According to Mack & Pack (2000) , an adequate intake of protein with unbalanced amino acid profile will direct the diet energy to fat deposition rather than for body protein synthesis. As a consequence, fat deposition rate increases and a protein deposition is reduced. The amino acid profile used in this study allowed for the efficient use to promote a higher protein deposition without compromising fat deposition. The cost of feed per kilogram of live weight gained (Table 4) increased linearly (P<0.05) according to digestible threonine levels in the diet. According to the regression equation (Cost = 1.10371 + 0.328449 DThr), for every 1% threonine added to diet, there was an increase in feed cost of 0.33 R$/kg of live weight gained. The high amino acid content of the experimental diets was only achieved with inclusion of synthetic amino acids, increasing the feed cost.
Conclusions
The nutrient requirement of digestible threonine for meat-type quails from 1 to 14 days of age is 12.60 g/kg, corresponding to a digestible threonine:digestible lysine ratio of 67.02. 
